Research in psychology indicates that individuals often make inferences regarding unknown individual qualities based on potentially irrelevant (but socially observable) information. This paper explores occupational choices when individuals receive imprecise signals regarding ability and use the observable characteristics of previously successful individuals to infer own ability. Individuals who fail to observe successful predecessors of their same type may underestimate their potential for success in the occupation. We discuss the role of these biases in light of the literature on affirmative action and firm incentives.
Introduction
The economics of asymmetric information typically assumes that (at least) one party has full knowledge with respect to the information in question. Thus, in a principal agent setting, the agent has full knowledge of her ability and the principal must design a compensation mechanism that screens out low ability agents. However, full information regarding one's own ability is not always the case. An agent may have prior beliefs on her abilities as an athlete or academic, but until she undertakes tasks that test these priors, she may be less than certain regarding her skills. As such an individual will not only use her private information to estimate her ability in a task, but may also use public, socially observable information in updating her beliefs regarding own ability.
As an example, consider the study of Steele and Aronson (1995) . They find that students from visible minorities under-perform other students when they perceive the task at hand to be one in which their social group is underrepresented. However, when the task is not perceived as one reflecting upon the social group, students from visible minorities perform as well as other students.
The authors argue that this is due to the students' fear of confirming negative stereotypes and they therefore bias their efforts downward.
1 Similar inferences based on social information are found in the work of Cohen and Zhou (1991) , Jemmott and Gonzalez (1989) , and Lovaglia et al. (1998) .
The key here is that socially observable information (e.g. race or gender) is often inappropriately used to bias individuals' efforts and decisions. These biases (which are not based on individual's ability) may help explain gender differences in higher education in which women account for 60% of college students (Jacob, 2002) . Within the economics profession, while a field remains largely maledominated (Kahn, 1995) , Dolado et al. (2005) finds significant gender differences across research fields and, more importantly, that a woman's choice of research field is positively related to the share of women in that field.
2 This suggests that individuals use information on the observable distribution of "types" (here, gender) in a field or occupation when making inferences about the probability of success in a given area.
These examples fall in line with the extensive literature in psychology documents the ways individuals use information in a manner deviating from the rational choice model (e.g. see Eagly and Chaiken, 1993; Gilovich et al., 2002; Rabin, 1998) . On the one hand, experimental evidence indicates that individuals tend to incorporate information in biased ways, attributing positive outcomes to ability and negative outcomes to chance (Eagly and Chaiken, 1993; Langer, 1975) . On the other hand, individuals tend to incorporate irrelevant information (via stereotypes or status characteristics) into their subjective beliefs (Berger et al., 1998; Heckhausen, 1991) .
This paper develops a model to explore the role of the latter type of bias in individual decision-making. Specifically, this paper presents a model of project and effort choice in which individuals are uncertain regarding their ability. In order to estimate own ability, agents glean information regarding the distribution of skills from the observable characteristics of successful predecessors. This information, which may be irrelevant to the task at hand, is used in tandem with an imperfect private signal to form beliefs regarding one's own ability.
This biases individuals' beleifs about own ability, leading individuals to make inefficient choices.
Closely related to the approach taken here is the theory of status characteristics and expectation states. According to Berger et al. (1998) , individuals form beliefs based on observable status characteristics (race, gender, etc.) where these attributes are assumed correlated with power and prestige. That is, individuals use their relative position in social hierarchies as reference points around which they form subjective beliefs, regardless of whether this information is relevant to the task at hand (Webster and Foschi, 1988 and Veum (1999) found that men developed greater job attachment and were more likely to be promoted than women and minorities. These differences in promotions in turn produce feedback effects that emphasize the bias.
As a result of biases based on observable type, one may think of social hierarchies as self-reinforcing: individuals with lower relative positions are more likely to bias their beliefs downward and achieve success less often than higher ranked individuals. The presence of these biases may therefore explain "glass ceiling" phenomena in which women and minorities are relatively absent from esteemed occupations or promoted to higher positions less often. If one considers individuals' beliefs about occupational success to be tied to levels of job attachment or human capital investments, these biases may naturally lead to a stratification of individuals by type and occupation that mimics direct discrimination.
Our analysis is closely related to the literature on statistical discrimination (Arrow, 1973; Coate and Loury, 1993; Lundberg and Startz, 1983; Phelps, 1972) .
However, in our analysis beliefs about different types are held by agents based on the choices and observable characteristics of previous decision makers. Thus, as opposed to the statistical discrimination literature, the discrimination seen here is on the part of employees rather than employers: statistical discrimination arises through agents incorrectly sorting among competing opportunities.
In terms of long-run efficiency, our argument aligns with that of Athey et al. (2000) . There, affirmative action (characterized as biased promotion practices) may be efficiency enhancing through a "type-based" mentoring technology: individuals gain more firm specific human capital when their mentor is of the same observable type. Our analysis relies not on the presence of a human capital technology, but rather on the simple biases individuals use to infer information about their abilities.
The Model
To explore the role of biases based on observable type (henceforth "type-based biases"), we consider an ersatz overlapping generation model in which each generation observes the outcomes of the previous generation. 3 We assume a population of agents characterized by two parameters: a level of innate ability s ∈ {A, U } and an observable type t ∈ {M, N }. The fraction of type t agents in the economy is given by m t , with m M + m N = 1.
While each agent knows her own type t, agents are uncertain as to their innate abilities. For simplicity, we assume that agents view s = A and s = U as equally likely. 4 Each agent receives an imperfect signal θ regarding her ability, with θ distributed over the interval [0, 1] according to F s (θ) with density f s (θ).
We assume F A (θ) < F U (θ) for all θ and f U (θ)/f A (θ) to be non-increasing.
Thus, higher values of θ imply an agent is more likely to be "able" (s = A) than "unable" (s = U ). In the absence of any additional information or biases, the agent's (objective) probability of being able given θ is
While agents can costlessly observe others' types t, they have no direct knowledge as to others' signals θ or abilities s.
It is assumed that there is no productive difference between type M and type N agents. That is, each type has the same distribution F s (θ). However, when assessing private ability, individuals incorporate (irrelevant) type-based information into their subjective beliefs about own ability. Let µ t be the fraction of type t individuals from the previous generation who are viewed as being successful. (In what follows, this will be the share of individuals of type t opting for a risky production decision.) Following theories on role modelling and social learning (Manski, 1993; Chung, 2000) , individuals may be viewed as able due to success in a task known to be correlated with ability. Thus, an individual may look to the observable characteristics of successful predecessors in assessing their own ability in the task. Alternately, following Berger et al. (1998) , individuals may infer own ability based on diffuse status characteristics (gender, race, etc.) where these characteristics are assumed to be correlated with success. In line with this research, people who have lower socially ranked characteristics (e.g.
women, minorities) underestimate their ability by observing few individuals of their type who are deemed status worthy.
Let β t ≡ β(µ t , m t ) be the bias of a type t agent upon observing the the preif these two events are not equally likely or differ across agent types.
vious generation. We can think of the type-based bias as a function β(µ t , m t ) :
(0, 1) 2 → (0, 1) where β(µ t , m t ) is increasing in µ t , decreasing in m t , and satisfies β(µ, µ) = 1/2. We assume that the bias β t is incorporated into the agents' subjective belief regarding own skill. That is, given her private signal θ and the fractions µ t and m t , a type t agent's updated (subjective) probability that she is able is
where (as opposed to p(θ) in equation 1) the subscript in p t (θ) indicates the agent's belief incorporates the bias β t . Note that if the distribution of population types (m M , m N ) mirrors the observed distribution from the previous generation (µ M , µ N ), then agents make correct inferences about their ability (p t (θ) = p(θ)). Thus, for example, if one were to observe 80% of whites in a given profession among a population which is 80% white, a white individual would not develop a biased inference as β(0.80, 0.80) = 1/2. However, when µ t and m t diverge, agents make incorrect inferences about their own ability given their signals (p t (θ) = p(θ)). Thus if a white individuals observed a profession in which 80% of individuals were white among a population which is only 50% white, she would over-estimate her abilities (here, probability of success in the profession) as β(0.80, 0.50) > 1/2.
To explore the effect of these biases in decision making, we consider a simple scenario in which an agent receives her signal θ and must make a production decision (e.g. an occupational choice). In particular, the agent must choose whether or not to undertake a risky production opportunity or receive a guaranteed level of utility ν. If the agent chooses to undertake the risky opportunity, she must make an effort decision yielding one of two outcomes x ∈ {x 1 , x 0 } where
The probability of an agent of type s ∈ {A, U } generating outcome
x 1 when exerting effort e is given by G s (e) ∈ (0, 1) where G A (e) > G U (e) for all effort levels e > 0 and G A (e) ≥ G U (e). This implies that able agents are more likely to realize x 1 for any given level of effort. The timing of the agents' decision are as follows.
1. Nature chooses each individual's observable type t ∈ {M, N } and ability s ∈ {A, U }.
2. Agents receive their private signals of ability θ.
3. Agents observe the previous generation's decisions, subsequently forming their biases β t and subjective beliefs p t (θ).
4. Agents choose between the risky opportunity and ν. If choosing the risky project, agents make effort choices to maximize utility given their subjective beliefs p t (θ).
5. The uncertainty is resolved and payoffs are received.
Benchmark case
We begin with the benchmark case in which individuals do not display typebased biases. 5 To begin, suppose the agent opts for the risky opportunity. Thus, she will choose a level of effort maximizing
where the cost of effort c(e) in an increasing convex function, and
The agent's optimal choice of effort, e * ≡ e * (θ) solves
As expected, effort is increasing in the agent's belief about own ability (and hence her private signal).
Given her optimal effort choice based on the values of x 0 , x 1 , and θ, the agent must choose whether or not to undertake the risky opportunity. She will choose the risky opportunity if
Let θ * be the value of the private signal such that equation (6) is satisfied with equality. We can interpret this signal as a standard representing the minimum signal of ability necessary to pursue the risky production opportunity.
Thus, agents with private signals greater than θ * should pursue the risky opportunity while those with signals less than θ * should choose ν. If agents do not display type-based biases, θ * will serve as a demarcation signal such that agents with signals above (below) θ * will choose the risky production opportunity (ν).
Type-based biases
We now consider the role of type based-biases on individuals' choices regarding effort and production. Let µ t be the fraction of individuals from the previous generation who are observed choosing the risky opportunity over that yielding ν. 6 Upon receiving her signal θ and observing µ t , each agent chooses a level of effort to maximize
where, as opposed to the case in the expression (3), agents beliefs about own ability are biased:
In this scenario, agents' optimal choices of effort e * t ≡ e * t (θ) solve
Note that only in the knife-edged case in which m t = µ t will the agents' choices of effort be efficient in the sense of the solutions to equation (5).
We can consider inferences based on observable type as biasing the way individuals interpret their signals θ, resulting in effort choices that fail to maximize expected utility. As effort is increasing in the agent's belief of own ability, it is also increasing in the value of the bias. In particular, assuming µ M > m M (and
, type M agents choose the risky project too often while type N agents choose the risky project to infrequently. As a result, type-based biases are self-fulfilling: over confident type M agents choose the risky project too often, further inflating the prior of type M agents who observe their choices.
On the other hand, under confident type N agents choose the risky project too infrequently, biasing downward the beliefs of other type N agents who observe their choices.
With respect to the sorting of individuals between the risky opportunity and that yielding ν with certainty, given her optimal choice of effort e * t (θ) a type t agent will choose the risky opportunity if
Letθ t be the value of the private signal of a type t agent such that equation (10) holds with equality. cabin this is the perceived standard (as opposed to the objective standard θ * ) for an agent of type t. Notice that given individuals biases on own ability and the assumption that µ M > m M ,
Thus, agents are inefficiently sorted between the two production options: type
M agents with signals in [θ M , θ * ) will inefficiently choose the risky project over ν. Analogously, type N agents underestimate their ability due to the bias and agents with signals in [θ * ,θ N ) will opt for ν rather than undertaking the risky project. Indeed, the presence of type-based biases leads agents to behave in a manner that is doubly inefficient: agents make inefficient effort choices and the distribution of agents between the production opportunities is inefficient.
In a long-term context, the presence of type-based biases not only leads to inefficiency in each period, but the inefficiency is magnified over time. By virtue of the fact that more type M agents undertake the risky project and exert greater effort, the differences between µ t and µ −t grow with each successive generation. As a result, β M becomes increases and β N decreases over time.
Thus, subsequent generations' effort choices become more inefficient as does the distribution of agents between the two projects.
Restoring efficiency
In order to restore efficiency, consider the actions of a social planner who is aware of the biases β t and their effects. The social planner could choose a set of type-based policies (y t , z t ) ∈ R 2 with policy parameter y t such that
where
and H (θ, e) ≡ p(θ)G A (e) + 1 − p(θ) G U (e).
Thus, the policy parameter y t restores efficiency in the effort choices of the agents. Further, the policy parameter z t satisfies H t (θ, e * t (θ))(x 1 + y t ) + 1 − H t (θ, e * t (θ)) (x 0 + z t ) = H(θ * , e the influence of the biases. Since agents who have few successful predecessors of their same type will be less confident in their abilities, the policies will provide additional incentives to motivate behaviour.
Alternately, note that there exists N agents with signals θ ∈ (θ * ,θ N ) who opted for ν. From the standpoint of the firm, these agents can be hired for ν although there expected return is greater than ν. As such, a competitive firm can obtain higher profits by hiring type N agents with signals in this interval.
Thus competitive pressures in the labor market can serve as a counterbalancing force against the biases. Further, as firms hire type N agents, the mass of these agents obtaining x 1 increases, thereby increasing µ N relative to µ M and reducing the bias (i.e. moving β t towards 1 2 ).
Conclusion
The economic view of beliefs is that of stark probabilities and the rational use of information. However, much of the research psychology is not in accord with this view. When individuals incorporate irrelevant information into their beliefs, there may be reasons for policies which alter the incentives individuals face. In this way, policies which discriminate based on observable types, even when these distinctions are irrelevant to the task at hand, may be efficiency enhancing.
